This paper studies the performance of coded orthogonal frequency division multiplexing system using two modulation techniques, quadrature phase shift keying(QPSK) and quadrature amplitude modulation(QAM). The convolutional code is used as error-correcting-code. The communication channel used is vehicular channel. Simulation results show that the performance of coded orthogonal frequency division multiplexing system with QPSK is better than that with QAM
Introduction
The principle of Orthogonal Frequency Division Multiplexing (OFDM) is to divide a single high-data-rate stream into a number of lower rate streams that are transmitted simultaneously over some narrower subchannels [1] . The orthogonality in OFDM can be achieved by carefully selecting subcarrier spacing, such as letting the subcarrier spacing be equal to the reciprocal of the useful symbol period. As the subcarriers are orthogonal, the spectrum of each subcarrier has a null at the center frequency of each of the other subcarriers in the system [1, 2, 3] .
OFDM has become more popular during the last decades, because it provides a substantial reduction in equalization complexity compared to classical modulation techniques. Other advantages include combating intersymbol interference (ISI) and inter-carrier interference (ICI) which leads to reduce the complexity of the receiver. In addition, OFDM provides high spectral efficiency. Furthermore, OFDM is more resistant to frequency selective fading [4, 5] .
OFDM has some disadvantages. The main disadvantage is that OFDM system with large number of sub-carriers has a very large peak-to-average power ratio(PAPR) when the subcarriers add up coherently. In addition, OFDM is more sensitive to Doppler spreads than single-carrier modulated systems. Furthermore, there is a phase noise caused by the imperfections of the transmitter and receiver oscillators which influences the system performance [6, 7] .
OFDM SYSTEM MODEL The model of OFDM system is shown in Fig.1 . It is mainly consisting of transmitter, receiver, and channel as a transmission path. These three parts are explained in details in subsequent sections.
OFDM transmitter
The The output from modulation mapper is applied to serial to parallel (S/P) conversion. The S/P converts serial data into N parallel streams. Due to the S/P conversion, the duration of transmission time for N symbols is extended to NTs.Letting t =n , where is the sample interval, the digital multi-carrier transmitter output is:
Furthermore, if the carrier frequencies are uniformly spaced in the frequency domain by a frequency spacing of , = , = 0, 1, . . ., N-1,then Equation (1) represents the output of S/P conversion. Then, the parallel data samples are fed to the inverse discrete Fourier transform (IDFT) block to obtain the time domain OFDM symbols.
Let = 1/(N ) which is the minimum separation to keep orthogonality among signals on different modulators, then the OFDM signal is given by:
The above formula is the equation of an N-point IDFT. There are two copies of the received waveform, one on time and the other delayed by some time. ISI is induced because the tail part of symbol-1 will interfere with the processing of symbol-2. To eliminate ISI, a guard interval of samples is usually inserted at the beginning of each OFDM symbol.
The cyclic prefix(CP) is a void ISI because it acts as guard space between successive symbols, it also convert the linear convolution with channel impulse response into a cyclic convolution. As a cyclic convolution in the time domain translates into a scalar multiplication in the frequency domain, the subcarriers remain orthogonal.The CP is an exact copy of the last samples of the OFDM symbol into its front. Let denote the length of CP in terms of samples,then the extended OFDM symbols now have the duration of = + . Fig.3 shows two consecutive OFDM symbols. The guard interval longer than the maximum delay of the multipath channel ( /2) allows for maintaining the orthogonality among the subcarriers. As the continuity of each delayed subcarrier has been warranted by the CP, its orthogonality with all other subcarriers is maintained over . When the length of the guard interval (CP) is set shorter than the maximum delay of a multipath channel, the tail part of an OFDM symbol affects the head part of the next symbol, resulting in the ISI.
The output equation of the CP block is ( )= (( − )) , where n = 0, ……, N+L-1. Thenthe output from the CP block is applied to parallel to serial (P/S) conversion. The P/S converts parallel data into N serial streams.
Communication channel
To simplify the mathematical analysis, a time-invariant channel is assumed which has the following response with R taps
The channel impulse response is circularly convolved with the transmitted signals owing to the CP in OFDM signals, so the output of the channel will be as follows.
The output of the channel (i.e. the received signal) can be written in matrix form as follows
OFDM receiver
At the receiver end, firstly, the received signal is applied to S/P conversion. The S/P converts serial data into parallel streams. Then the received signals Y=[ 0 1 . . . . −1 ] after removal of the CP can be expressed as:
where x consists of the last N elements in X and N is the Gaussian noise. Note that the circulant matrix Q can be diagonalized by the DFT and IDFT matrices, yielding where F and −1 are the DFT and IDFT matrices, respectively. The matrix H is a diagonal matrix:
where each diagonal element corresponds to the frequency-domain channel response at the corresponding subcarrier.
Note that OFDM converts the convolution in time domain into multiplication in frequency domain and hence simple one-tap frequency domain equalizers can be used to recover the transmitted symbols. After DFT, symbols are demodulated and decoded to obtain the transmitted information bits by demodulation mapper.
RESULTS
A series of tests are carried out on the model of OFDM system shown in Fig.1 using two modulation techniques, QPSK, and 16-QAM. In order to improve the system performance, convolutional code is involved in the model, so the OFDM is called coded OFDM(COFDM). A convolutional code with length 7 and octal generator polynomial (133,171) is chosen. The channel model used is vehicular channel with 11 paths. The parameters used in simulation are listed in Table. 1.
The performance of the whole system is measured in terms of bit-error-rate(BER) versus signal-to-noise-ratio(SNR). Fig.4 shows that the performance of the system with QPSK is better than that with 16-QAM. The reason for getting better results with QPSK is that the fading fluctuation often causes four bits error per symbol with 16-QAM while it causes at most two bits error per symbol with QPSK.
Fig.4 Performance of COFDM

Conclusion
Model of COFDM system was developed to study its performance over vehicular channel using QPSK and 16-QAM. The convolutional code was used as error-correcting-code. The results show that the performance of COFDM with QPSK is better than that with 16-QAM.
